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Abstract 
The Yuasa-Aridagawa basin in western Kii Peninsula is one of the Cretaceous basins of Ryo圃
sekトMonobetype developed along the Kurosegawa Tectonic Zone in the Chichibu Belt. The 
Yuasa Formation forms the lowest sequence of the basin fil， and represents deposition in the 
initial stage of basin development. Facies analysis of the ~Yuasa Formation has revealed that 
the formation represents transitional continental-marine sedimentation. Clastics were supplied 
chiefly from the north. 
The Yuasa Formation shows an overall transgressive stratigraphy. The lower part of the 
formation consists of the conglomerates and sandstones of alluvial fan origin and the interbedded 
sandstones and mudstones of interlobe and floodbasin origin. ln the middle part， the floodbasin 
sequence is replaced by the mudstone司dominated，distal delta plain deposits with intercalations 
of distributary channel sandstone. The upper part is composed of delta plain deposits and pro-
gradational gravelly shoreline sequences that represent wave-worked delta front sedimentation. 
In a smaller scale， the formation records two progradational episodes. The first episode is re申
presented by progradation of an alluvial fan system. Simultaneously with fan progradation， 
the sea transgressed from the south， and the depositional system evolved into a fan-delta. This 
is interpreted primarily due to differential subsidence of the basin floor and subordinately to global 
rise in sea level during Neocomian time. The second episode is represented by growth of a wave-
dominated fan-delta system. Prior to the second episode， the sea suddenly and most extensively 
encroached. This suggests rapid sourceward retreat of the depositional system， which is inter-
preted in terms of back-faulting of the basin margin. 
The sedimentary and tectonic evolution of the Cretaceous basin is quite different from that 
of the J urassic one on the northern side of the Kurosegawa Tectonic Zone. Development of 
the Cretaceous Yuasa-Aridagawa basin represents an entirely new tectonic stage in the Chichibu 
Belt following "the Jurassic tectogenesis". 
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Introduction 
The Chichibu Belt is a narrow belt of complex juxtaposition of Mesozoic and Paleo-
zoic rock units， which show characteristic zonal arrangement. The youngest repre-
sentative of them is successions of clastic sediments of Cretaceous age. They occupy 
the elongated basins (Ryoseki四Monobetype basins)， and occur along the Kurosegawa 
Tectonic Zone in the axial part of the Chichibu Belt. The Cretaceous basins are gener-
al1y fault-bounded on both north and south sides and take part in complex zonal arrange-
ment of the geologic bodies in the Chichibu Belt. However， tectonic disturbance of 
the Cretaceous formations is much less intense than that of the pre圃Cretaceousrocks， 
and a remarkable unconformity has been known in several areas between the Cretaceous 
sequence and the older rocks. The Cretaceous basins， thus， represent a subsequent 
geohistoric event in the Chichibu Belt after completion of“the J urassic tectogenesis 
(ICHlKAWA， 1981， 1982)" that was responsible for establishment of the fundamental 
geotectonic framework of the m司orpart of Southwest J apan. 
The deposits of these Cretaceous basins generally contain abundant molluscan 
fossils， and stratigraphic and paleontologic studies have been made from an early date 
by many wo伽 sincluding MATSUMOTO (1947， 1954)， KATTO and SUYARI (1956)， TANAKA 
(1956a， b， 1985)， MATSUMOTO and KANMERA (1964)， NAKAI (1968)， OBATA and OGAWA 
(1976)， MATSUKAWA (1977， 1983)， TAKEI et al. (1977) and TASHIRO et al. (1980). Many 
other works are cited in these literatures. In addition， some workers have made studies 
00 petrography of sandstone and conglomerate (FU}II， 1956; SEKI and TAKIZAWA， 1965; 
NAKAI， 1971; MIYAMOTO， 1980; TAKEI， 1985) and on paleodispersal of the formations 
(TANAKA， 1974; SAKA and KOIZUMI， 1977). These studies have afforded useful data 
for clarification of the Cretaceous geohistory of Southwest J apan. Little attention， 
however， has been focussed on the reconstruction of the sedimentary evolution of the 
basin backed by a precise analysis of sedimentary facies. A bぉinanatomy in this view-
point would contribute significantly to a better understanding of paleogeographic and 
paleotectonic settings of the outer zone of Southwest Japan during Cretaceous time. 
This paper concerns with the Early Cretaceous Yuasa Formation in the Yuおか
Aridagawa basin in the western !{i Peninsula (Fig. 1). It forms the oldest succession 
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Fig. 1. Index map showing subdivision of the Chichibu Belt in the western Kii Peninsula and 
distribution of Cretaceous rocks of the Yuasa-Aridagawa basin. Stippled: Upper 
Cretaceous; heavily stippled: Lower Cretaceous; black: rocks of the Kurosegawa 
Tectonic Zone. 
in the basin and rep'resents deposition in the initial stage of the basin development. Em-
phasis is placed on documentation and interpretation of sedimentary facies and on rか
construction of the depositional setting of the formation. These researches shed light 
on the sedimentary and tectonic evolution of the basin in the initial stage of its develop-
ment. 
Geologic setting 
General 
The Chichibu Beit is a narrow belt bordered on the north by the Sambagawa Meta圃
morphic Belt and on the south by the Shimanto Belt. 1n the western Kii Peninsula， 
the Chichibu Belt is subdivided into the northern， middle and southern terranes on the 
basis of differences in age and lithofacies of strata and in geologic structure (1CHlKA WA 
et al.， 1981) (Fig. 1). These terranes roughly correspond to the northern， middle and 
southern subbelts， respectively， V¥Thich were typically subdivided in Shikoku (ISHII et al.， 
1955). The northern and southern terranes are made up mainly by the intensely de四
formed sedimentary complex. The strata in the northem terrane are believed to be 
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Fig. 2. Geologic sketch map of the Chichibu Belt around Yuasa. Simplified after TANAKA 
(1956a)， MAEJIMA (1981) and YAO (1984). 
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of mainly Jurassic age (MAEJIMA， 1981)・ Theyconsistently dip to the south and are 
cut by several east-west圃trendingremarkable faults (Fig. 2)・ Thecrystalline schist 
sporadically rest on them as remnants of a thrust sheet which is thought to have exten-
sively covered the northern terrane prior to deposition of the Cretaceous formations 
(MAEJIMA， 1978). The formations in the southern terrane range from Jurassic to Cre-
taceous in age and chiefly dip to the north (YAO， 1984)・ 1nthe middle terrane， the Cre-
taceous deposits of the Yuasa-Aridagawa basin are widely distributed (Fig. 1)・ Pre-
Cretaceous rocks in the middle terrane show a limited occurrence. They are chiefiy 
of the Kurosegawa Tectonic Zone (Fig. 2)， which includes Siluro四Devonianacidic tuff 
and limestone， granitic rocks， metamorphic rocks and serpentinite (YOSHIKURA and 
Y OSHIDA， 1979). They occur tectonically as lenticular bodies in the axial part of the Cre-
taceous basin in the Yuasa area (Figs. 1， 2).
Yuasa-Aridagawa basin 
The Cretaceous Yuasa圃Aridagawabasin is occupied by a more than 2000 m thick 
succession of clastic deposits. Several disconformities have been recognized within 
the succession (MATSUMOTO， 1947; TANAKA， 1956a， b). However， stratigraphic gap at 
the disconformities is thought not to be great and structural differences between above and 
below them are also unrecognized. The basin is presently extensively covered by the 
Upper Cretaceous formations (Fig. 1). They are generally faulted against the basement 
rocks， but the y.nc∞ontおo口E
basin alぬon略gits northern mar単gin(σTA刷NAl仁叫Aム， 1956b; HAωDA， 1967; SA紘K仁CAム，1968め). Occur-
renoe of the Lower Cretaceous deposits is restricted to the western part of the basin 
(Figs. 1， 2). They are chiefly exposed on the north of the lenticular bodies consisting 
of the rocks of the Kurosegawa Tectonic Zone (Fig. 3). The strata on the south of these 
lenticular bodies have long been considered to be equivalent to the above cited Early 
Cretaceous formations (TANAKA， 1956a). Subsequent1y， however， Late Cretaceous 
fossils have been reported from these strata in severa1 localities (KANIE， 1972; OBATA 
and o GAWA ， 1976). TANAKA (1985) recently revised the stratigraphy of these strata 
and concluded that most of them belong to the Late Cretaceous formations. 
The Cretaceous formations are folded and faulted， and show complex geologic struc-
ture， especially in the western part of the basin (Fig. 3). The axial plane of folding 
genera11y inclines steeply to the south. Folding is tight a10ng the northern border of 
the basin with ha1f wave length ranging from 200 to 300 m， and beds are frequently over-
turned. Folding commonly becomes broad toward the south and half wave length of 
folding varies from 600 to 800 ffi. Small bodies of the Cretaceous rocks are inserted 
along the faults within the p代田Cretaceousstrata of the northern terrane. 
Yuasa Formation 
The stratigraphy of the Cretaceous succession in the Yuasa岨Aridagawabasin was 
established by MATSUMOTO (1947) and TANAKA (1956a， b). The Early Cretaceous de-
posits have been divided， inascending order， Into the Yuasa， Arida and Nishihiro For-
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mations. The Yuasa Formation is conformably overlain by the Arida Formation， which 
is， inturn， disconformably overlain by the Nishihiro Formation. 
The Yuasa Formation forms the lowest succesSlon ln 
the Yuasa-Aridagawa basin， and unconformably rests on the pre唱Cretaceousbasement 
rocks of the northern terrane (MATSUMOTO， 1947; TANAKA， 1956a; MAEJIMA， 1978). 
The formation ranges in thickness from 25 to more than 250 m， thickening to the south 
(Fig. 4). The typical sequence of the formation is found in the section 4 and in 5， 6 
(for section number see Fig. 3). There， itconsists of alternating conglomerate， sand-
stone and mudstone， and generally exceeds 150 m in thickness (Fig. 4). It is a common 
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misunderstanding among some workers (OBATA and OGAWA， 1976; MIYAMOTO， 1980) 
that the forn1ation is thin and composed of the basal conglomerate and the overlying 
mudstone in most of its distribution. Such a sequence is true only a10ng the northern 
margin of the basin (sections 1 and 2) (Fig. 4). Many of the conglomerate-bearing se帽
quences of the Yuasa Formation， for examp，}e those in the S'ection 3 and in the east of 
section 4， have been ascribed to belonging to the Arida Fornlation. 
1n the main part of the basin， the format~on is informally divisible into three parts. 
1n general， the lower part consists of poorly sorted conglomerate and interbedded sand-
stone and mudstone. The mudstones are greenish grey or， in some cases， reddish grey 
in colour. The interbedded sandstone and mudstone lithology is replaced in the middle 
part by the intensely bioturbated， black mudstone with some sandstone interca1ations. 
The upper part is mainly composed of mudstone similar to that iFl the middle part， in
which sandstones and wel1 sorted conglomerates are frequently intercalated. Clasts 
in the conglomerates are donlinantly of chert and sandstone. 1n the northern margin 
of the basin， the conglomerates commonly contain angular clasts of crystal1ine schist. 
The formation yields abundant fossil plants (KIMURA and KANSHA， 1978a， b). Large 
and well preserved ones occur especial1y in the lower part. Anima1 fossils include shells 
of oysters and other molluscs， which are assigned to of a paralic environment (MATSU-
MOTO， 1947; TANAKA， 1956a). The formation is barren of reliable index fossils. How-
ever， based on the stratigraphic position conformably below the Arida Formation that 
yields ammonites and other index fossils of Barremian age (O:BATA and OGAWA， 1976)， 
the Yuasa Formation is considered to be Hauterivian in age (MATSUMOTO et al.， 1982). 
、
Sedimentary facies 
Within the Yuasa Formation， five major facies are recognized， which represent 
distinctive rock types and assemblages of physical and biological sedimentary structures， 
respectively. Each facies is dωcribed below， together ~'ith an interp代 tationof its mode 
of origin~. 
Facies l!~ . Poorly sorted breccias 
Description: This is found at the base of the formation along the northern margin 
of the Cretaceous basin， resting directly on the pre-Cretaceous metamorphic and sedi-
mentary rocks， and is volumetrically the least important facies in the Yuasa Formation. 
ThIs facies I!s so poorly exposecl that detailed examination is not made. The facies coか
sists of breccias with some sandstones. The breccias contain rock fragments up to 1 m 
across in a matrix of sand圃mudmixture. Most of clasts are angular， and identical with 
the underlying bed rocks. Sorting is generally poor or absent， and clasts are disorderly 
set in a nlatrix. The best， but stil unsatisfactory， outcrop is found at the coast near 
Takata (section 1)， where an about 4 m thick sequence of this facies is exposed resting 
unconformably on the bed rock. The Iower 3 m of the sequence consists of crudely 
bedded， unsorted b代
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able due to difference in size of larger clasts. The upper remainder is represented by 
alternating beds of breccia and medium-to very fine...grained sandstone of 3 to 20 cm 
thick. Clast size is small and does not exceeds 10 cm in diameter. Bedding is rather 
crude， but is distinct in some breccia beds in which clasts are relatively well 
sorted. Sandstone beds are generally massive， and may contain angular clasts. 
Interpretation: Direct emplacement on the bed rock， very Iocal derivation of 
angular clasts and poor-or non-sorting suggest that materials of this facies were accumト
lated at or close by the hiIlside as colluvium or scree deposits. Thinly bedded breccias 
and sandstones in which clasts are sorted in some degree may indicate some transporta-
tion or working by water flow， but thej are not dominant in volume. Although no clifs 
or rock-slopes against which breccias are banked up are found， occurrence -of this facies 
at the margin of the distribution area of the Yuasa Formation strongly supports a colluvial 
or scree lnterpretatlon. 
Facies 1. Conglomerates and pebbly sandstones 
This facies consists dominantly of pebble conglomerate and pebbly medium-to 
very coarse-grained sandstone， and can be divided into two subfacies. 
Subfacies lla. Multistoried conglomerates and pebbly sandstones 
Description: 'Tertically stacked， multistoried conglomerates and pebbly sand圃
stones make up 3 to 15 rn thick successions (Fig. 5). Minor constituents include very 
fine圃 tofine-grained sandstones， silty sandstones and sandy siltstones. The conglom-
erates are 0.3 to 4 m thick. They are of clast-supported， and are generally massive or 
crudely subhorizontally stratified. Pebbles are suhrounded to well rounded in PETTI-
JOHN (1975)'s classification. They are composed predominantly of chert with lesser 
amounts of sandstone， mudstone， greenstone， acidic pyroclastic rock， granitic rock， etc. 
In some conglomerates， wood fragments up to 20 cm long are contained. The pebbly 
sandstones form 0.1 to 2.5 m thick beds or bed sets. Pebble contents are variable; some 
are nearly conglomeratic and some others contain only sporadic pebbles. Internally 
they are either flat四beddedor trough cross-bedded. The flat-bedded pebbly sandstones 
are generally richer in pebbles， which are segregated into rich and poor layers as wel1 as 
scattered throughout the beds. In the trough cross田beddedpebbly sandstones， pebbles 
tend to be concentrated on the basal surfaces of troughs. Individual trough sets are 
generally 5 to 30 cm thick. These sets are grouped into 0.5 to 3 m thick cosets. In 
places， planar cross bedding occurs， mostly as a single set. Planar sets are commonly 
20 to 40 cm thick， but some sets can reach 70 to 90 cm in thickness. The very finか to
fine四grainedsandstones are 10 to 20 cm thick， and are commonly ripple cross-laminated. 
The silty sandstones sometinles contain plant debris and rootlets， and are generally mas咽
sive. In some places， however， traces of parallel or ripple cross laminae are found. 
The conglomerates and sandstones generally form 0.5 to 8 n1 thick， poorly developed 
fining-upward sequences， which have irregu1ar or undulose basal surfaces with up to 
1. n1 deep scours and channels cutting into the underlying deposits. Cobbles or larger 
? ?
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Fig. 5. Examples of log of the multistoried conglomerates and pebbly sandstones (facies IIa) in 
the Yuasa Formation. 
pebbles are frequently concentrated on the basal scour surfaces. Several sequences 
are vertically stacked to form a unit succession of multistoried conglomerates and pebbly 
sandstones of this facies. In the section 4， where the conglomerates and sandstones 
of this facies are best developed and relatively well exposed， two different types of the 
fining-upward sequence have been reeognized (MAEJIMA， 1984). They are shown in 
Fig. 6 in the form of an idealized sequence. In the sections 3 and 5， the fining-upward 
sequences can also be described with reference to these t¥VO types. 
Above an basal erosional surface， the type 1 sequence typically consists， inascending 
order， of the relatively thick conglomerate and the overlying fl.at-bedded pebbly sand-
stone. In some sequences， planar cross bedding occurs， commonly as a solitary set. 
The top of the sequence is represented by a thin cap of silty sandstone or sandy siltstone. 
In the type 2 sequence， the conglomerate resting on the basal erosion surface is consist-
ently thin or， insome cases， isabsent. The pebbly sandstone overlying the conglomerate 
is trough cross-oedded， with which ripple cr0ss-1aminated sandstone can be associated. 
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Fig. 6. Idealized fining-upward sequences in the facies IIa conglomerates and sandstones 
of the Yuasa Formation. For legend see Fig. 5. 
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The sequence is capped by silty deposits which are thicker than those in the type 1 se-
quence. Individual fining-upward sequences are not so complete. The stratigraphi-
cally higher components tend to be lacking due to truncation by the overlying sequence. 
Within each unit of the multistoried conglomerates and sandstones， the type 1 sequence 
is predominant and vertically stacked. The type 2 sequence is absent or occurs only 
once or twice within each unit. The sequences of two types， when coexist， do not show 
regular succession， and the type 2 sequence commonly occurs solitarily at any horizons 
within a unit. 
Paleocurrent azimuths determined from cross bedding are generally unidirectional， 
and show predominantly southward Rowingωrrents (Fig. 7). Foreset azimuths are 
not significantly different between trough cross bedding and planar cross bedding. This 
paleocurrent pattern is almost consistent throughout the sections studied. In the sec四
tion 5， however， the lowermost occurrence of this facies shows westward directed paleo・
currents (Fig. 7). 
Interpretation: Presence of plant remains including wood fragments and root-
lets， channel scours， fining四upwardsequences and strong unidirectional paleocurrent 
patterns are most compatible with a Ruvial depositional setting. Fining-upward fluvial 
seq uences form either in a meandering or a braided systems (ALLEN， 1964， 1965; CANT 
and W ALKER， 1976; lVIIALL， 1977， 1978). However， the fining-upward sequences in 
the conglomerate and sandstone successions do not correspond to those of a meandering 
system， and aln10st absence of argillaceous deposits， predominance of coarse materials 
and multistoried nature favor a braided system. Paleocurrents indicate a general sIoping 
direction to the south with a northerly source terrane. In the early stage of deposition 
of the Yuasa Formation， however， sediments were also transported from the east. 
The fining-up~Tard sequences of type 1 have a remarkable erosion surface at their bases. 
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This basal surface with scours and channels cuts various lithofacies， and is attributed to 
major channel erosion. Larger clasts concentrated on the basal scour surfaces are inter-
preted as lag deposits on a channel floor. The massive or crudely subhorizontally bedded， 
clast四supportedconglomerates gradational1y following the lag are comparable with the 
deposits of longitudinal gravel bars in modern braided systems (WILLIAMS and RUST， 
1969; RUST， 1972a; SMITH， 1974; BOOTHROYD and ASHLEY， 1975)・ Initiation and 
growth of longitudinal bars are thought to take place during major floods (RUST， 1978)・
Absence of cross bedding in the conglomerates suggests that bars had low relief and flood 
flows were shallow enough for the clast size not to form slip face at the lee of the bars 
(RUST， 1975)・ Theup to 4 m thick conglomerates are thought as superimposed longi岨
tudinal bar deposits. 
The conglomerates grade up into the pebbly sandstones. In the modern braided 
rivers， gravel bars are frequently covered by sand deposited during waning floods or 
low water conditions (WILLIAMS and RUST， 1969; RUST， 1972a; SMITH， 1974; BOOTH-
ROYD and ASHLEY， 1975). These deposits are generally thin and， ifpreserved in rock 
records， should occur as intercalations within conglomerates of longitudinal bar origin， 
as reported by MIALL (1970) and ERIKSSON (1978). The pebbly sandstones， however， 
commonly occur as relatively thick units and do not interbed with but rest on the con-
glomerates. 1 t 1Ssuggested that the pebbly sandstones represent bar top aggradation. 
The pebbly sandstones are generally flat-bedded. The flat bedding indicates that peb-
bles were moved in planar sheets， and is believed to represent deposition in high flow 
stages of floods. Alternation of pebble岨richand -poor layers may be due to fluctuations 
in flood flows or due to flood cycle. In some sequences， planar cross bedding occurs， 
commonly as a solitary set within the 白紙-beddedpebbly sandstones. Foreset azimuths 
are not significantly different from those of the channel fi1 deposits (trough cross-bedded 
sandstones; discussed later). This implies that the planar cross bedding is attributed 
to downstream migration of low bar forms (EYNON and WALKER， 1974; CANT and WALl← 
ER， 1978) on the gravel bars rather than accretion of sand wedges at the margin of gravel 
bars (RUST， 1972a; BOOTHROYD and ASHLEY， 1975). Regular movement of bar forms 
suggests deposition of the planar cross圃beddedsandstones in lower flow stages than that 
of the flat-bedded pebbly sandstones. Scarcity of a planar cross bed set probably points 
to that bar top aggradation took place mostly during floods and that flood fiows declined 
very rapidly without developing bars or other bed forms in the waning stage. The scar-
city of planar cross bed sets may be as well due to lower preservation potential of such 
deposits formed in lower flow conditions. 
If a sequence of type 1 shows a complete progression of lithofacies， the pebbly sand-
stone grades up into a thin cap of the silty sandstone or sandy siltstones. The silty deposits 
Fig. 7. Paleocurrents based on cross bedding for the facies IIa (left side of columns) and 
facies IIb (right side of columns) deposits of the Yuasa Formation. Arrows show 
paleocurrent vectors. In each arrow， figure refers to the vector mean， and figure 
in the bracket refers to number of measurements. For rose diagrams， L: vector 
magnitude， p: significance of Rayleightest. 
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are believed to have been deposited from waning bedload and suspension load in the topo-
graphica11y highest leViel or inactive tracts， such as vegitated and stabilized bars or sood-
plains， which were flooded at only the highest sood stages. Beds were disturbed sho口ly
after deposition by bioturbation or plant growth as indicated by homogenization of beds 
or disruption of physical structures and by the presence of rootlets. 
The type 2 sequences also have a remarkable erosion surface at their bases， which 
is interpreted to represent major channel erosion， asin the case of the type 1 sequences. 
Concentration of cobbles or larger pebbles on the basal surfaces can be attributed to 
deposition as a channel lag. The conglomerates overlying the channel floor and lags 
are similar in composition， texture and stratification to those in the type 1 sequences， 
and may be interpreted as the longitudinal bar deposits like in the type 1. Within indi-
vidual sequences of type 2， however， tbe conglomerates are general1y thin or， in some 
cases， are completely absent. If the conglomerates in the type 2 sequences are thought 
to be truely of longitudinal bar origin， itmay be suggested that bars were initiated from 
lags and soon held back further growth in response to reduction in stream power within 
channels. If importance is attached to the facts that the conglomerates rest on the chan・
nel soor and that they are absent in some sequences， thin conglomerates can be attributed 
to deposition in scour pools within channels in which pebbles were accumulated as lags 
(MIAIん 1977).
The trough cross圃beddedpebbly sandstones indicate deposition from migrating 
dunes. In modern gravel1y braided systems， dunes form and migrate on bar surfaces， 
in minor channels dissecting the bars， or in larger channels adjacent to the bars (ORE， 
1964; WILLIAMS and RUST， 1969; BOOTHROYD and ASHLEY， 1975; MIALL， 1977). The 
occurrence of the trough cross-bedded sandstones above lags or incipient bars suggests 
deposition within larger channels at the side of bars rather than infilling of minor chan-
nels on the bar or accretion on bar surfaces. In the active tracts， such channels are gen由
erally the site of erosion and gravel transport in the high water flood stages， and new 
bars could form in them (HEIN and W ALKER， 1977). Dunes are known to form at falling 
or low water stages after gravel movement has ceased (BOOTHROYD and ASHLEY， 1975). 
The trough cross-oedded sandstones are commonly a meter or so thick and are more 
or less pebbly. These suggest that sand and some pebbles were accumulated relatively 
rapidly as sows waned， probably in the fal1ing water stage of a waning flood when flows 
became to be confined within channels. During the low water conditions， smaller-
scale bedforms may have been formed. But their preservation potential should have 
been Iow. Rarely associated ripple cross-laminated sandstones may be thought to rep-
resent the remnant of such deposits. 
The silty sandstones or sandy siltstones， ifa sequence is complete， rather abruptly 
overIie the trough cross-bedded sandstones. They are generally thicker th.an those 
in the type 1 sequences. These silty deposits are thoug，ht to ])'e the deposits within a 
channel rather than in the topographically highest level. Channel plugging with the 
si1ty deposits indicates abandonment of a channel. However， substantial contents of 
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sand-size materials suggest that the channel was not completely abandoned but ，vas 
stil in open connection with the active channel at its end so that coarse materials were 
able to move into in the relatively high water stages. This probably implies channel 
cut-o:f due to migration of the end of a bar resulting in closure of the mouth of the side 
channel (DOEGLAS， 1962). 
Frequent lack of the stratigraphically higher components within each sequence 
implies that the sequences were truncated by the following sequence before the higher 
components could be formed or preserved. Vertical stacking of such sequences suggests 
multiple channeling and rapid lateral shifting of channels and bars. Predominance of 
the type 1 sequences within each unit of this facies indicates that Iongitudinal bar de-
velopment was a principal process of deposition， which implies deposition in a proximal 
braided-fluvial setting (BOOTHROYD and ASHLEY， 1975; MIALL， 1977， 1978; RUST， 1978). 
Subfacies IIb~ Pebbly sandstones 
Description: Medium- to very coarse-grained， commonly pebbly sandstones 
similar to those in subfacies IIa occur as 0.5 to 3 m thick bodies resting on erosional 
surfaces. Scours up to 50 cm deep are frequently observed. Some sandstones fil1 
channel forms. Dissimilar to subfacies IIa， however， these sandstones are seldom multi-
storied and mostly occur as solitary bodies (Fig. 8). Pebbles are scattered throughout 
the sandstone as well as concentrated on the basal scour surfaces to form up to 30 cm 
thick layers. In some cases， intraclasts of angular to subrounded mudstone are con-
tained. Generally， there is no overall upward-五ningtexture in each sandstone. 
Internally most of the sandstones are trough cross-bedded. Trough sets range in 
thickness from 10 to 40 cm. A few sandstones occur as single set of planar cross bed-
ding. Flat bedding is also observed， but is rare. Cross beds generally do not show 
an upward decrease in set size within individual sandstones. Foreset azimuths are unト
directional， and show dominantly southward or south-southwestward flowing paleo-
currents (Fig. 6). 
Interpretation: There are litle di:ferences in lithology， sedimentary structures 
and a paleocurrent pattern between pebbly sandstones of this subfacies and cross-bedded 
pebbly sandstones in subfacies IIa， and hence this subfacies also appears to be of fluvial 
origin. The erosional base suggests channel scour， and pebbles concentrated on the 
basal surfaces probably represent channel lag deposits. Trough cross司beddedsand-
stones， occurring above these lags in most cases， are attributed to infilling of channels 
by vertical accretion of bedload in the fornl of migrating dunes. Single planar cross 
bed sets may be interpreted as the products of slip face accretion of small bar forms within 
channels. Thickness of individual sandstones suggests deposition in sha110w channels. 
Solitary occurrence of individual channel fil sandstones probably implies that the 
sandstones were not originated in a braided system. They also lack any indications 
of lateral point bar accretion， which results in fining-upward sequences with progressive 
decrease in cross bedding set size， and a meandering system is unlikely. Rather， they 
are thought to represent fils of low sinuosity single-channels. 
Examples of log comprising peobly sandstone of facIes Ilb 
(labeled“b" on th.e side of logs) and facies IV mudstone 
with sandstone intercalations in the Yuasa Formation. For 
legend see Fig. 5. 
F 
? ?
b 
?
?? ? ?
」?
?
?
? ?
b 
b 
Wataru MAEJIMA 
F 
b 
5m 
。
16 
、
6 4 
Fig. 8. 
??
? ? ?
?
? ??
?
??? ?
???
??
?
??
? ? ?
? ?
?
??
??
?
?
? ?
? ?
? ?
? 、
?
?
?
?
?
b 
Early Cγetαceous Sed'imentatz.on and Tectonz.cs， Western Ku. Pe1'linSlll~ 
5m 
。
? ?
F 
17 
? ? ? ?
F 
?? 「
? ?
?? ?
?
-・ . ・.・ ・・.
? ?
??
4 5 
Fig. 9. Examples of log of interbedded sandstones and mudstones of facies 
III in the Yuasa Formation. For legend see Fig. 5. 
Facies 11. Interbedded sandstones and mudstones 
Description: This facies consists of interbedded fine圃 tomedium国g-rained，rarely 
coarse圃grained，sandstones and mudstones to form up to 30 m thick successions (Fig. 9). 
Beds of granule to pebble conglomerate are rarely intercalated. 
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Individual sandstone beds are 0.1 to 2 m， commonly less than 1 m， thick and are， 
at least in the extent of outcrops， lateral1y persistent without considerable change in 
thickness. Amalgamated beds may form up to 5 m thick sandstone bodies. Basal 
surfaces of sandstone beds are sharp and general1y sat， but irregular erosion surfaces 
or shallow scours up to 20 cm deep are present in some beds， especial1y in thicker ones. 
Intraformational mudstone clasts are sometimes scattered above these erosion surfaces. 
ParaUel lamination is a predominant internal sedimentary structure in the sandstones. 
Laminations are de:fined either by grain size changes or by sat arrangement of smal1 
plant debris. Some beds inclu.de 1 cm or so thick bands which are finer-grained and 
rich in plant debris. In places， convolutions are found toward the top of the sandstone 
beds. They die out downward into parallel lamination， and are composed of upright 
folds with pointed anticlines and broad synclines. Overturning of folds or slumping 
is absent. Toward the top of some sandstone beds， parallel lamination passes upward 
into ripple cross lamination. These ripple cross圃laminatedintervals are generally 5 to 
20 cm thick. In many sandstone beds， however， ripple cross lamination is completely 
absent. Planar ，cross bedding and trough cross bedding are rarely present. The top 
of the sandstone beds， except in the case to be truncated by an erosion surface， isgener-
aIly sharp and is either planar or rarely rippled. Ripples commonly have wave length 
of 10 to 20 cm and amplitudes of 1 to 3 cm. IB some thin beds， however， sandstone 
gradually fines upward into overlying mudstone. 
Mudstones mainly consist of siltstone and sandy siltstone. They Dccur in beds 
which vary in thickness from a few centimeters to 2 m. Beds of less than 1 m thick 
are most common. Mudstones are usually massive although some show traces of 】ami-
nation. Mudstones contain abundant plant debris; well preserved plants sometimes 
occur.， In some horizons， rootlets are present. 
In the section 4， cross bedding and ripple cross lamination indicate consistently 
southward sowing paleocurrents (Fig. 10a). Paleocurrent azimuths in the section 5 
are relatively diverse， but show dominant sediment supply from the east and from the 
north (Fig. 10b， c).
Interpretation， : ~ Abundant plant debris and presence of rootlets point to a ter圃
restrial origin. The interbedding of sandstones and mudstones indicates intermittent 
input of sand into a lOiw energy environment where mud was deposited and piant grew. 
Absence of channel forms， sharp bases and lateral persistence suggest that sheet sand圃
stones were deposited from norトchannelized，unconfined sheet sows over the land sur圃
face. Many of sandstones are paral1el-1aminated， and represent deposition under upper 
flow regime conditions. Mudstone intraclasts indicate that flows were powerful to 
erode cohesive substrate. These features are markedly similar to those of sandy high喧
Fi:g. 10，. Paleocurrent rose diagrams for the facies 111 deposits in the Yuasa Formation. Figure 
with arrow indicates the vector mean. N: number of measurements， L: vector magnitude， 
p: significance of Rayleigh test. (a) Section 4. (b) Above the lowest occurrence of the 
facies IIa deposits in the section 5. (の Belowthe lowest occurrence of the facies IIa 
deposits in the section 5 (cf. Fig. 7'). 
Early Cretaceous Sedimentation and Tectonics， Western K'iz. Peninsula 
G 
186 
b 
c 
306 
N=8 
しこ 856 0/。
Pく10-2
N = 21
N=6 
L = 88.2・/。
p < 1 0由2
19 
20 Wataru MAEJIMA 
energy flood deposits (McKEE et al.， 1967; HARDIE et al.， 1978). 
Ripple cross lamination found towards the top of some sandstone beds represents 
lower :flow regime conditions， and was probably resulted in the waning stages of floods. 
In many sandstone beds， however， the ripple cross圃laminatedinterval is absent. This 
suggests that flows were of short-lived and rapidly declined at the end of floods so that 
lower flow regime bed forms did not fully develop. 
The mudstones are attrihuted to suspension sedimentation fronl slowly moving or 
stilled :flood waters， and are thought to represent minor :floods or quiet conditions follow-
ing major floods. Accumulation of abundant plant debris and root penetration indicate 
some long period between :flood events. 
As a whole， this facies represents deposition from non-channelized， shortlived， high-
energy sandy :flood flows interspersed between lower-energy periods of mud deposition. 
Flood events of this kind are found in crevasse sprays from m司orrivers extended onto 
a laterally adjacent floodplain (ALLEN， 1965; COLEMAN， 1969) or as sheet :floods spread 
out down-slope from stream channels into a muddy floodflat (WILLIAMS， 1970; HARDIE 
et al.， 1978). Their mutual distinction is probably not easy in isolation of flood deposits 
but is possible based on the association with the related facies. Further evaluation of 
high田energyflood events is made in the next chapter. 
Facies IV. Bioturbated mudstones with sandstone intercalations 
Descriptioa:， This facies is composed dominantly of massive or thinly laminated 
black mudstone with intercalations of sandstone beds， and commonly forms 1 to 5 m 
thick successions (Fig. 8). Mudstones are up to 2 m thick. Sandstone beds are com圃
monly less than 0.3 m thick， but can reach as thick as 1 m. Intense biological influences 
are the characteristic feature within this facies. Many of mudstones are intensely bio-
turbated. Burrows are abundant， mostly unornamented. SUCTh mudstones frequently 
contain scattered or i口egularlyconcentrated sand圃 andgranule-size grains. Some sand-
stones are also intensely turbated to show no traces of primary physical structures. These 
sandstones are commonly muddy and sometimes contain scattered granules. 
Some mudstones and muddy sandstones yield abundant brackish-water molluscan 
fossils. They are either scattered throughout a bed or concentrated to form laterally 
discontinuous layers which are commonly 1 to 5 cm， sometimes 10 to 20 cm， thick. 
Mudstones general1y contain abundant plant remains including leaf imprints and stems. 
In some horizons， thin coaly layers or peaty layers are intercalated. 
Among the sandstones free from thorough bioturoation， ripple cross-laminated 
very fine-to medium-grained sandstones are most common. Continuous or discon-
tinuous mud-drapes are sometimes present in these sandstones to form flaser， waηT and 
lenticular bedding of REINECK and WUNDERLICH (1968a). Ripples are general1y small 
and either symmetrical or asymmetrical. 
Some of the other sandstones are relatively clean and are medium-to coarse-grained 
with some granules and pebbles. They are often graded， and granules and pebbles 
decrease upward within a bed. Basal surfaces of beds are sharp and flat to undulose 
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with up to 5 cm deep scours. The upper bedding surfaces are also sharp， but are fre-
quently indistinct due to bioturbation. Internally they are either massive or paral1el-
laminated. In places， lamination di ps at low angle to the north. 
Interpretation，: Predominance of mudstone， intense bioturbation and fossi1 con .
tents indicate that this facies was originated chiesy in low-energy environments near 
by the sea， where was subject to marine invasion. Abundant plant debris and thin coaly 
layers may represent deposition in marshes or swamps. Intensely bioturbated muι 
stones and muddy sandstones containing abundant brackish-water molluscan fossils 
indicate deposition in the pool of standing water. Intercalations of saser， waηr and 
lenticular bedded sandstones show some insuences of waves and currents interspersed 
by slack water conditions. Physical reworking of sediments， however， was not so in-
tensive as producing large-scale bed forms such as dunes or sand waves， and was not 
perennia1 to prevent primary sedimentary structures from almost complete disruption 
by excess biological activity. 
On the contrary， the graded beds of relatively clean sandstone were undoubtedly 
deposited under a much more higher energy condition as indicated by sharp erosional 
bases and parallellamination that is thought to represent an upper sow regime condition. 
Northward dip of lamination in some of these beds is almost opposite to the predomi-
nant direction of the paleocurrents in the suvial deposits (facies 11)， and probably indi-
cates landward :flowing currents. In the paralic setting， these features are well com-
pared with those of the deposits originated by storm washover of beach materials (HAYES， 
1967; ANnREWS， 1970; LEATHERMAN et al.， 1977; ORFORD and CARTER， 1982). 
Facies V. Wel1 sorted sandstones and conglomerates 
Description: Fine-to very coarse-grained， pebbly or less pebbly sandstones and 
conglomerates make up this facies. Pebbles are mostly very well rounded. The sand-
stones and conglomerates generally form coarsening-upward sequences ranging in thick圃
ness from 5 to 10m (Fig. 11). They show distinctive succession of the litl刈ogiccom・
ponents. The complete progression of the components is shown in Fig. 12 in the form 
of an idealized sequence. Although many of the sequences are lacking in some litho-
logic components， especially lower ones， systematic vertical succession is consistent. 
The idealized sequence is grossly divisible into three units. 
The lowest unit (a) is bedded fine-to medium-grained sandstone. Individual 
beds are separated hy erosional bounding surfaces on which coarse to very coarse sand 
grains， granules and even pebbles are frequently concentrated. The bounding surfaces 
are general1y flat to slightly undulose， but can be sometimes irregular. Many of the 
beds are internally parallel-laminated throughout. Lamination is defined by textural 
variation or rarely by concentration of small， fragmented plant debris. In some cases， 
gently curved， concave-up laminae occur~ They truncate each other or scour into paral帽
lel lamination， and show low angle cross stratification. Ripple cross lamination occurs 
at the top of some beds， especially of thicker ones. Bioturbation is intense in some beds， 
and causes partial disruption of primary physical structures. HorizontaI burrows are， 
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Examples of log of the sandstones and conglome1iates of faci~s V in the Yuasa 
Formation.司 Forlegend see Fig. 5. 
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in places， abundant. They frequently form dense network. Vertical burrows are un-
common， and， when present， are mostly de白ledby isolated tubular concentrations of 
coarse to very coarse sand grains or granules. Biological influences are most common 
towards the top of individual beds. 
The second unit (b) gradational1y overlies the bedded sandstone. This unit is 
composed of cross-bedded， dominantly medium-to coarse-grained sandstone as much 
as 6 m thick. Pebbles are common， and increase in abundance upward. In general， 
pebble size also increases upward. The predominant sedimentary structure is medium咽
scale trough cross bedding in 10 to 50 cm thick sets. Biological influences are unCOffi-
mon， but a few burrows including Ophiornorpha-like ones are discernible. The lower 
part of this unit is mainly composed of medium国grainedsandstone with some pebbles. 
Pebbles are well segregated from sand. They tend to be concentrated on the basal sur-
faces of troughs， and sometimes form thin and laterally persistent layers. Cross bedding 
azimuths are predominantly to the north with minor modes directing to the east and 
to the south (Fig. 13). Local1y parallel-1aminated beds of 10 to 30 cm thick釘einter-
calated within the lower part. These beds are made up of fine-grained (rarely medium-
grained) sandstone. The upper part of this unit is wholly trough cross-bedded. The 
sandstone in the upper part is of coarse-to very coarse-grained， containing abundant 
granules aad pebbles. Sediment sorting is somewhat poor compared vvith that in the 
lower part， and pebbles are boぬ scatteredthrough the sand and concentrated on the 
basal surfaces of troughs. In contrast to the lower part， cross bedding predominantly 
dips southward (Fig. 13). Some foresets dip to the east to form a less distinct secondary 
mode. 
The third unit (c) is 3 to 6 m thick， well sorted， planar-bedded， medium-to very 
coarse圃grainedsandstones and granule to pebble conglomerates. This unit overlies 
the cross-bedded pebbly sandstone fairly abruptly. The lower part of this unit is gen-
erally composed of interbedded sandstone and conglomerate. Pebbles are well segre-
gated from sand into discrete， planar beds of 5 to 20 cm thick. Sandstones are internally 
planar帽laminated. The conglomerate beds and individual lamina sets in the sandstone 
are either uniform in thickness or slightly wedge帽shapedin cross section due to low angle 
(commonly lessぬan}O degrees) discordances. Inclination direction of stratification is 
somewhat diverse， but southward dip is predominant (Fig. 13). The interbedded sand蝿
stone and conglomerate of the lower part grade up into the conglonlerate of the middle 
part， in which sandstone is uncommon. Pebbles show a high degree of segregation 
into beds of difIerent clast size， ranging in thickness from 5 to 50 Cfi. The upper part 
of this unit， which represents the top component of the sequence， ispredominated by 
sandstone. Some pebbles and granules are contained. They are well segregated from 
sand into laterally continuous， thin， planer layars that are les than 10 Cfi， mostly 1 to 
5 cm thick. Sandstones are internally planar-laminated. Stratification throughout this 
part is almost paralle1. In places， however， Iow angle discordances in lamination are 
present， which seldom exceed 5 degrees. Within the third unit， pebble imbrication is 
~ 
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(a) Idealized sequence for the facies V deposits in the Yuasa Formation with paleoen-
vironmental interpretations. (b) Schematic representation of the terminology of the 
zones of a shoreline profile and of wave activity. mhwl: mean high water level， mlwl: 
mean low water leveI. 
Fig. 12. 
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Fig. 13. Paleocurrent rose diagrams for the facies V deposits in the Yuasa Formation in 
the sections 5 and 6. For notations see Fig. 10. 
rather poorly defined， but， where evident， the flatter pebbles are imbricated inclining to 
a southerly directinn. Biological influences are almost absent. Very rarely Ophiomorpha 
burrows occur in the lower part. 
Each sequence， whichever lithologic component at the base， generally rests on an 
erosional surface. The surface is flat or slightly undulating with up to 10 cm deep scours. 
1n many of the sequences， a thin and laterally continuous conglomerate bed overlies the 
basal surface. The conglomerate bed is less than 30 cm thick. The bed is internally 
massive， and granules and pebbles of up to 6 cm diameter are disorderly concentrated 
in fine to coarse sand matrix. Some beds contain scattered fragments of mol1uscan 
shells， particularly of oysters. 
Interpretation: 1n the sections 5 and 6， depositional processes and environments 
of deposition of the sandstones and conglomerates of this facies have already been dis咽
cussed in detail (MAEJIMA， 1983)， and a progradational， gravelly， hig悼h-ene釘rgyshoreline 
model has been proposed for the coarsening-upward sequences. This interpretation 
is applicable to the rocks of this facies in the other sections. 
High degree of segregation of pebbles from sand or into beds of different clast size 
is a distinctive feature of gravels worked by waves (CLI打 ON，1973). AIthough Ophio-
morpha is known to occur in turbidite sands in bathyal depth (KERN and W ARME， 1974)， 
it is most common in the deposits of littoral and shallow sublittora1 environments (WEI-
lVIER and HOYT， 1964; KENNEDY and SELWOOD， 1970; DIKE， 1972).. These features， 
in conjunction with multidirectiona1 cross bedding azimuths， strongly suggest that this 
facies was originated in nearshore marine environments under the influence of wave 
activity. The coarsening-upward sequence and upward decrease in biological insuences 
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within the sequence appear to represent a regressive or progradational episode. The 
shoreline was approximately oriented east-west with seaward side to the south. This 
paleogeography is inferred from the southerly flowing paleocurrents in the fluvial de-
posits discussed earlier (facies I1) and from a general lithofacies change in the Lower 
Cretaceous rocks in the Yuasa area. Based on many studies on the processes and prod-
ucts in modern nearshore zones， detailed interpretation of the components of this facies 
is possible (Fig. 12). 
The physical and biological features of the sandstones of the lowest unit (a) are 
closely comparable with those of deposits in the modern lower shoreface (KUMAR and 
SANDERS， 1976; DAVIDSON-ARNOTT and GREENWOOD， 1976; GREENWOOD and MITTLER 
1979). The erosional surfaces bounding the beds are interpreted as forming during 
intense storm wave surge， when sea bottom was eroded and sediments were kept in tur-
bulent suspension. The coarse materials concentrated on these surfaces may represent 
a lag deposit as regarded so by KUMAR and SANDERS (1976) in modern and ancient shore-
face storm deposits. The parallel-laminated sandstones， a predominant element， is
inferred to be a product of deposition of suspended sediments in the waning stage of the 
storm， when wave surge currents were strong enough to produce sheet flow deposits. 
Low angle truncation of lamination due to gently curved， concave-up lamina sets re-
sembles swaley cross stratification defined by LECKIE and W ALKER (1982) and W ALKER 
(1982). Swaley cross stratification has been suggested that it has a genetic link to hum-
mocky cross stratification and that it may be a storm-dominated structure formed above 
fair-weather wave base (LECKIE and W ALKER， 1982). Ripple cross lamination is restricted 
to the top of the beds，、andis， interpreted as representing minor reworking of sediments 
during the fair-weather period or the terminal stage of the storm. Bioturbation and 
burrows in the upper pa此 ofthe beds are also thought as the products dur.ing the fair-
weather condition. These low-energy records are absent in some beds. It is probably 
due to erosion and resuspension of the substrate hy a following storm. 
The second unit (b) above the bedded sandstones of the lower shoreface origin are 
characterized by predominance of cross bedding and rare biological influences including 
Ophionlorpha-like burrows， which indicate that the pebbly sandstone of this unit was 
originated in a zone where sediments were intensely worked by physical processes. 
Upward increase in pebble contents is compatible with a prQgradational setting. These 
strongly suggest an upper shoreface origin of the second unit. The lower part of the 
unit is dominated by northward-dipping trough cross bedding. "These trough sets 
indicate deposition from dunes which almost exclusively migrated toward the inferred 
shoreward direction. High degree of segregation of pebbles into thin layers suggests 
that sediments were su伍cientlyworked by waves. Hence， dune generation and their 
landward migration are thought to have been caused by wave圃generatedcurrents. Such 
dunes are known in the zone of wave build-up in the high-energy， non-barred coast 
of Oregon (CLI町 ONet al.， 1971). They are thought to form under conditions of intense 
asymmetric sow generated by long period waves (CLIFTON， 1976). On the contrary， 
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trough cross bedding in the upper part predominantly dips to the south， that is the sea-
ward direction. 1t may be interpreted as resulting either from rip currents or from 
seaward water movement in the transition between swash and surf. Off modern beaches， 
rip currents are wel1 known to form under high wave conditions (McKENZIE， 1958; COOK， 
1970; DAVIS and Fox， 1972)， and rip current deposits show seaward岨dippingtrough 
cross bedding (DAVIDSON-ARNOTT and GREENWOOD， 1976; HUNTER， etal.) 1979). 1n 
the inner portion of the surf zone in the modern high圃energycoast， dunes are formed 
by the interaction of swash and surf and migrate in an offshore direction to produce also 
seaward-dipping trough cross bedding (CLIFTON et al.， 1971). 
The conglomerate and sandstone of the third unit (c) contain many features in-
dicative of a beach environment. A high degree of segregation of pebbles -from sand or 
into beds of different clast size is a distinctive feature of gravels worked by waves (CLIF-
TON， 1973). Gently seaward-incIined planar bedding with low angle discordances is 
well documented from present-day beach deposits (MCKEE， 1957; PANIN， 1967; CLIFTON 
dα1.， 1971; DICKINSON et al.， 1972; HOWARD and REINECK， 1981) and is eXplained by 
processes of swash action (CLIFTON et al.， 1971; HARMS， 1975). 1mbrication of pebbles 
dipping in a seaward direction is also well known as a typical feature of beach gravels 
(TWENHOFEL， 1939; CAILLEUX， 1945; BLUCK， 1967). A beach interpretation for this 
unit is supported by general absence of biological influences except a sporadic Ophio・
morpha burrow. Recently MAEJIMA (1982) studied the texture and stratification char帽
acteristics of sediments of a modern gravelly beach in Southwest J apan， and showed 
that the sediments coarsen up across a foreshore into a zone of foreshore-backshore tran-
sition which is marked by a low ridge at the berm crest and then abruptly fine into a 
backshore and that the dip of stratification becomes gentle and less diverse from a fore圃
shore to a backshore. Vertical changes in grain size and in bedding characteristics 
through the unit are closely comparable with such trends in across-beach sediment char-
acteristics. Consequently， the third unit is thought to represent beach progradation. 
The interbedded sandstone and conglomerate of the lower part， in which sediments 
coarsen up and discordances in stratification are frequent， are interpreted as having form-
ed chiefly in a foreshore with swash the predominant process. The conglomerate of 
the middle part， in which the coarsest sediments are found， probably represents a low 
ridge at the berm crest on the seaward margin of a backshore， onto which the coarser 
pebbles were transported and accumulated by swash uprush during high water periods. 
The sandstone-dominated， almost parallel田beddedupper part can be attributed to de-
position in a rather flat area of a backshore which was flooded and subjected to wave 
action only during storln periods. 
The coarsening-upward sequences of this facies are concluded to have been resulted 
by progradation of non-barred， high-energy， gravelly shoreline. 1n this setting， the 
thin sheet of congloInerate resting on the erosional surface is interpreted as a transgres-
sive lag deposit. As the sea transgresses， coastal erosion takes place to produce the ero岨
sional surface (BRUUN， 1962; SCHWARTZ， 1967; SWIFT， 1968)， on which clasts too large 
一
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to be significantly driven in landward direction by shoaling waves are concentrated. 
Facies VIo Sandstone with mudstone partings 
Description: This facies consists of beds of finか tocoarse-grained sandstone 
commonly separated by thin partings or interbeds of mudstone. ln places， abundant 
plant debris including stems are contained. Two kinds of constituents are recognized 
within this facies. One is 1 to 2 m thick sheet sandstone， and the other is thin-bedded 
sandstone forming as thick as 1 m units. They occur alternately (Fig. 14). 
The sheet sandstone is of medium-to coarse-grained， sometimes granular. Some 
pebbles and fragmented oyster shells are contained. Sediment sorting is rather poor) 
and pebbles and shells are not so well segregated. The sandstone is internally trough 
cross-bedded. lndividual trough sets are 5 to 30 cm thick. These sets are grouped into 
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Fig. 14. A logged section from the sequence of the 
facies VI in the Yuasa Formation from the 
section 5. A rose diagram shows paleo-
currents based on cross bedding. For 
notations see Fig. 10. 
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cosets of 0.2 to 2 m thick. Some cosets are characterized by an undulose， erosional 
basal surface. Locally the cosets are separated by thin partings of mudstone. In some 
cases， thin and discontinuous mudstone drapes cover the trough surface. Cross bed-
ding azimuths are somewhat scatω'ed. Foresets dip predominantly to the south or 
southeast. (Fig. 14). Within each coset， however， foreset azimuths are generally uni-
directional. Biological influences are uncommon. Vertical burrows including Ophio輔
morpha occur in some beds. 
The thin四beddedsandstone is generally fine-to medium-grained， sometimes coarse-
grained. Granules and pebbles are contained in the coarse圃grainedsandstone beds. 
Individual sandstone beds are up to 25 cm， most commonly 5 to 15 cm， thick. They 
are separated by thin mudstone partings that are commonly a few centimeters thick. 
Exceptional1y mudston↑e reaches about 20 cm thick. Mudstone partings sometimes 
pinch out laterally. Biological influences are common， including abundant horizontal 
burrows at the top of the sandstone beds and some vertical burrows. Internally the 
sandstone beds show parallellamination and ripple cross lamination. IsoIated or lateraIly 
persistent mudstone drapes sometimes occur to form flaser and wavy bedding. The 
upper surfaces of the beds are general1y sharp and are either flat or rippled. Most of 
ripples are nearly symmetric with amplitude of less than 3 cm and wave Iength of 15 
to 20 cm. Crests of ripples are rounded， parallel and slightly sinuous， and are oriented 
northeast-southwest. Some beds of coarse-grained sandstone with granules and pebbles 
have， attheir tops， symmetric large bed forms， about 10 cm high， with wave length of 50 
to 100 cm. These megar旬pleshave rounded， parallel and nearly straight crests oriented 
north-northeast-south-southwest. Coarser grains tend to be concentrated in troughs. 
These beds are internally cross-bedded with intersecting waηT lamina sets that are similar 
in form and in dimension to the bedform at the top. 
Interpretation: Occurrence of trace fossils including Ophiomorpha indicates 
that this facies was originated in a shallow sublittoral environment. Thin sandstone 
beds separated by partings or interbeds of suspension mud suggest that sand was intro蝿
duced and deposited intermittently in water deep enough below the level of significant 
wave agitation. On the other hand， ripples and megaripples are thought to be of wave 
origin in view of their geometry (cf. TANNER， 1967; REINECK and WUNDERLICH， 1968b). 
It is suggested that the site of deposition was at times influenced by wave activity， prob-
ably during storms. Between times of sand deposition， agitation due to wave surge 
was not sufficient to keep fine materials in suspension completely， so that suspension 
mud was deposited over the sand bed to form the intervening partings or drapes. These 
suggest that the environment of deposition was between fair-weather and storm wave 
bases. In spite of such a setting， many of the sandstones are much coarser than the 
lower shoreface deposits in facies V. Any other process than marine ones should have 
been important in accumulation of the coarse sandstones mentioned above. This is 
highlighted by the sheets of trough cross-bedded sandstone. 
The trough cross-bedded sandstone indicates much higher energy condition than 
• 
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the thin-bedded sandstone， asrepresented by trough cross bedding and by relative abun-
dance of granules and pebbles. However， thin mudstone partings or drapes separating 
some trough cosets and close association wIJth the thiA-bedded sandstone suggest tnat 
deposition of the cross-bedded sandstone took place in water as deep as that of the thin-
bedded sandstone. Dominantly offshore-directed paleocurrents， abundance of coarse 
materials and fragments of oyster shells suggest that sediments were transported offshore 
by strong currents from an area close to the shore. As discussed in the preceding paper 
(MAEJlMA， 1983)， outflow fronl a mouth of a stream channel was probably responsible 
to sediment accumulation. Consequently the sheet of the trough cross田beddedsand圃
stone is thought to represent a tongue of a channel-mouth bar extended into the depth 
below the level of significant wave agitation. 
More abundance of coarse c】asticsin the thin回beddedsandstone than in the lower 
shoreface deposits also may be thought to reflect channel-mouth processes. If so， the 
thin-bedded sandstone probably represents the fringe of the channel-mouth bar， where 
sand was primarily deposited from frontal spray beyond the bar and was subsequently 
worked in some degree by waves during an intense storm. 
Depositional Model 
Presence of one sedimentary facies in isolation does not necessarily represent a major 
depositional environment or a depositional system. Instead， investigation of lateral 
and vertieal association of related sedimentary facies， asshown i!:n Fig. 15， enables the 
construction of a depositional mode1. 
Basin margin 
、
The poorly sorted breccias of chiefly scree origin (facies 1) are found only in the 
section 1， which corresponds to the northern limit of the distribution of the Yuasa 
Formation. There， the formation is no m.ore than 25 m thick， by far thinner than in 
the other sections. The succession in section 1， therefore， probably marks deposition at 
or near the basin margin. 
Alluvial fan一週o0dbasin
1n the area of principal distribution， the lower part of the formation is characterized 
by the association of facies IIa and facies 111 (Fig. 15)， both of which are terrestrial in 
origin. As discussed in the preceding chapter， the conglomerates and sandstones of 
facies IIa are attributed to deposition in braided streams， and the interbedded sandstone 
and mudstone of facies 111 to deposition from non-channelized， high-energy flood flows 
interspersed between lower energy periods of mud deposition from flood water. Braided 
channels and bars which are analogous to the conglomerates and sandstones of facies 
IIa could be formed in braided rivers drained through an alluvial v，alley， an extensive 
aBuvIJal plain or in hraided sys'tems on adluvial fan lohes. Va~ley fil1 braided systems 
are laterally constrained by rock walls. Restriction of a riverine plain cal1ses rapid com-
bining of channels， and commonly precludes preservation of thick overbank flood fines . 
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1 t isquite unlikely that a val1ey fil systern was responsible for the association of facies 
11a and facies 111. 
Alluviurn of braided rivers draining an extensive alluvial plain may contain thick 
overbank fines， asdescribed by McLEAN and JERZYKIEWICZ (1978)， under some circum帽
stances. 1n this setting， sheet sandstones in facies 111 rnight be generated in a flood 
plain by crevass sprays from rnajor rivers that rnay be represented by the conglornerates 
and sandstones of facies IIa. However， this seerns unlikely， considering paleocurrent 
data (Figs. 7， 10). 1n the section 4， paleocurrent directions of braided stream deposits 
(facies IIa) are predominantly to the south. Southward paleocurrents are also consistent 
in the sheet sandstones in facies IJ)~. In the section 5， the lowest occurrence of facies 
Ila shows westward flowing paleocurrents. Below this horizon， sandstones in facies 
111 also show predominantly westward flowing paleocurrent directions. Higher up 
the section， facies Ila deposits consistently show sediment supply from the north. South-
ward flowing paleocurrents also become predominant in the facies III successions. 
Further argument against a braided river and flood plain setting for the association 
of facies lla and facies III is that many of facies Ila sequences in the sections 3 and 4 
die out in a down圃sIopedirection into at least 30 m thick successions of facies 111 in the 
section 5 (Fig. 15). In general， rivers draining an al1uvial plain are of contributive (AL-
LEN， 1965) type of drainage net which results in increase in depth of river channels due 
to addition of discharges. The downstream disappearance of braided stream deposits 
into flood deposits suggests that drainage net was rather of distributive type than of con-
tributive one and that channels shal10wed downstream and ultimately disappeared into 
a floodflat. Such a fluvial style may be explained in terms of terminal fan model (FRIEND， 
1978; PARKASH et al.， 1983). In some of present四daysituations of this kind，自oodflows 
spread out down圃slopefrom stream channels into a ftood:flat as high四energysheet ftoods 
which originate lateral1y extensive sheets of parallel-laminated sand interbedding with 
ftoodflat mud (WILLIAMS， 1970; HARDIE et al.， 1978). Similar processes and produぬ
are reported from ancient rock records by some workers including FRIEND (1978)， TUN-
BRIDGE (1981a， b， 1984)， HUBERT and HYDE (1982) and GRAHAM (1983). These modern 
and ancient examples provide useful analogues with which the association of facies Ila 
and facies 111 may be compared. It is best explained in a model that supposes con-
glomeratic wedges of a braided system on alluvial fan lobes inter命1geringwith and ftank-
ed by floodbasin and interlobe deposits of a sheet ftood and ftoodftat origin. Prograda-
tion of a11uvial fan lobes into the :floodbasin provides a mechanism for down-slope inter-
fingering of the conglomeratic deposits of facies 11a and the interbedded sandstone and 
mudstone of facies 111. Lateral shifting of fan lobes also results in interbedding of the 
deposits of a braided systeln on fan lobes and interlobe ftood fines. 
Limited lateral extent of many of individual fan lobe wedges suggests that Yuぉa
alluvial fans were small and terminated into a relatively extensive ftoodbasin. Regardless 
of the section and of the horizon) the fan lobe deposits of facies lla are similar to the 
proximal to nlid fan facies of McGOWEN and GROAT (1971) and of BOOTHROYD 
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and ASHLEY (1975). Distal fan facies is not found at al. This suggests that channels 
on fan lobes shallowed and disappeared abruptly at the toe of a mid fan lobe so that aI・
luvial fans did not develop distinct proximal to distal facies changes. BOOTHROYD and 
NUMlVIEDAL (1978) have noted on the proglacial outwash fans of the Northeast Gulf of 
Alaska that downstream change in sediment characteristics on each fan occurred over 
similar distances in a downfan direction regardless of size and that smaller fans exhibit 
proximal characteristics over their entire length. It is also stressed by SALLER and DICK-
INSON (1982) that small alluvial fans lack the length necessary to develop distinct down-
stream sedimentologic variations. 
Paleocurrent data and facies relationship indicate that source areas located nearby 
both to the north and to the east of the basin of which northerly one was responsible for 
principal sediment supply. Most of fan lobes built into the floodbasin from the north， 
and appear to have prograded to the south. The easterly source was important in the 
early stage of deposition， especial1y in the southern part of the basin， resulting in exten司
sion of an alluvial fan wedge from the east. In the later stage， hovvever， itbecame of 
litle importance， and in turn sediment accumulation from the north predominated. 
Subsequently al1uvial fan lobes prograded from the north into the floodbasin. This 
dispersal change may be due to retreat of the easterly source area far to the east. 
Wave-dominated fan-delta 
Within a 10 to 20 m thick interval about at the middle of the formation， the interlobe 
or floodbasin deposits (facies 111) disappear and are replaced by facies IV muddy de-
posits in which sandstones of facies IIb are intercalated. Conglomeratic facies IIa de-
posits retain to occur (Fig. 15). This facies association is trasitional between the associa-
tions in the lower and upper parts of the formation; the upper part is mainly composed 
of the deposits of facies lV and facies V (Fig. 15). 
Lithologic and biologic features of facies lV deposits indicate deposition chiefly 
in low-energy water being subject to marine invasion. Replacement of continental flood 
deposits (facies 111) to paralic deposits (facies lV) is suggestive of sea transgression. On 
the contrary， the conglomerates and sandstones of facies l1a do not show any differences 
in lithologic and sedimentologic characteristics from those in the underlying alluvial 
fan-floodbasin association. Paleocurrents are also consistently towards the south. This 
implies that alluvial fans continued to form along the northern basin margin and pro-
graded southward. The intertonguing of alluvial fan deposits and paralic deposits is 
suggestive of fan lobes built into a body of water. Such a setting can be termed a fan-
delta (MCGOWEN， 1970)・ 1t seems that an alluvial fan-floodbasin system evolved into 
a fan-delta system as a result of transgression from the south. 
The conglomerates and sandstones of facies Ila are attributed to deposition principal帽
ly by fluvial (braided stream) processes， and are thought to represent a proximal or an 
active part of fan-delta plain， which is essentially an alluvial fan (lVIcGoWEN and GROAT， 
1971). The mudstones and sandstones of facies lV， interpreted as pa叫icmarsh， swa仰m
Oωr bay deposits， indicate deposition in a more distal environment near sea level. Within 
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the facies IV deposits， commonly intercalated are facies IIb sandstones that is attributable 
to deposition in isolated stream channels. The paleocurrent directions of facies IIb 
sandstones are generally to the south (Fig. 6) alike in the alluvial fan or proximal fan圃
delta plain deposits (facies IIa)， although they are a litle more diverse. Close associa-
tion of mudstone圃dominated，organic matter-rich， paralic deposits (facies IV) and stream 
channel deposits (facies lIb) is comparable with that in modern and ancient delta plain 
deposits (FISHER et al.， 1969; MORGAN and SHA VER， eds.， 1970). Facies IIb sandstones 
are probably of distributary channel origin， and facies IV muddy deposits represent 
deposition in interdistributary bays or marshes. In view of relation with the proximal 
or active part of fan-delta plain deposits (facies IIa)， these successions comprising facies 
IIb and facies IV deposits are interpreted as distal or less active part of fan-delta plain. 
In the upper part of the formation， delta plain deposits comprising facies IIb and 
facies IV become important. They commonly form thicker sequences than in the middle 
part. Alluvial fan lobe or proximal fan圃deltaplain deposits (facies IIa) disappear. Instead， 
obvious marine deposits (facies V) characteristicaI1y occur as 5 to 10 m thick coarsening-
upward sequences (Fig. 15). Although rare， facies VI sandstone is also associated. 
In most cases， the facies V sequence begins with a sharp， erosional surface truncating 
the underlying deposits， and is conformably overlain by delta plain deposits. The upper 
part of the formation is principal1y made up by vertically stacked， such couplets. When 
the facies VI sandstone occurs， itrests on the truncation surface and is gradational1y 
overlain by the facies V sandstone. 
The delta plain deposits comprising facies IIb and facies IV are essentially the same 
as in the middle partδf the formation， and represent deposition in distributary channels 
(facies IIb) and interdistributary marshes or bays (facies IV). Absence of alluvial fan 
lobe deposits and close association with the deposits formed in marine water indicate 
that these deposits were accumulated in a strictly distal fan-delta plain sanking seaward 
of an alluvial fan lobe rather than in an interlobe area of a proxirnal fan-delta plain. 
The delta plain deposits conformably overlie individual coarsening-upward sequences 
of facies V which are interpreted as progradational beach and shoreface deposits. This 
indicates that the progradational sequences of facies V were formed in relation to delta 
progradation. The facies relationship is strongly suggestive of delta front deposition 
for these beach and shoreface deposits. Sand and pebbles debouched into the delta 
front environment through active distributary channels should have initially deposited 
as distributary-mouth bars. The facies VI sandstones show featu_res indicative of de-
position under the insuence of channel-mouth processes， and are interpreted as dis-
tributary-mouth bar deposits. OC~Ul・rence of facies VI， however， islimited， and delta 
plain deposits always overlie the beach and shoreface deposits. Delta morphology and 
sediment characteristics are insuenced by many factors but are primarily the product of 
an， interplay between fluvial sediment inpyt and reworking of sediments by wave or tidal 
processes or both (COLEMAN and WRIGHT， 1975; GALLOWAY， 1975). As is evident frorn 
the interpretation of facies V， the coast was characterized by high wave energy and a 
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low tidal range. Beach and shoreface deposits representing delta front deposition indi-
cate that wave energy flux dominated over rate of fluvial sediment input and tidal energy 
flux during the time of deposition of the Yuasa Formation. Consequently， fan-delta 
deposition of the Yuasa Formation is most well eXplained in a high軸destructive，，vave-
dominated delta (FISHER et al.， 1969; GALLOWAY， 1975) setting. Most of the sediments 
discharged from the distributary channel mouth into the marine environment are thought 
to have been completely redistributed by wave processes into beach-shoreface andfor 
barrier deposits. Progradational sequences of facies V suggest that these wave圃worked
deposits were， with delta progradation， incorporated into a strand plain of stacked beach 
ridges. Because of this reworking by wave processes， distributary-mouth bar deposits 
were minor. Facies VI sandstones representing tongues of distributary四，mouthbars 
show influences of w:ave activity， but were not completely redistributed because they were 
accumulated below the level of significant wave reworking. 
The truncation surfaces separating the couplets of the delta front deposits and the 
overlying delta plain deposits represent destruction of the delta plain during the trans-
gressions that followed and were succeeded by progradation of each delta lobe. The 
transgression was resulted probably from delta abandonment or lateral shift of an active 
delta lobe， which caused marine encroachment over the established delta plain. As 
wave energy was high， the transgression should have been accompanied with significant 
coastal erosion to produce a kind of disconformity. Such a destruction was probably 
more common 00 the seaward margin of the abandoned delta plain. Landward， delta 
abandonment may have been followed by development of extensive coastal basins or 
lowlands. Thick accumulation of fines of facies IV may be in part attributed to deposi-
tion in these coastal bぉinsor lowlands behind the transgressing barrier bars. 
Tectonic control on sedimentation 
In view of variety of facies and the complex interfingering of marine， transitional 
marine-non圃marineand non-marine deposits within the Yuasa Forlnation (Fig. 15)， 
it is u~likely that major lateral shifts of an entire depositional system controled the sedi-
mentary evolution. Tectonism was probably the major control on sedimentation. This 
is consistent with abundance of coarse clastics and considerable change in thickness 
within a telatively short distance. 
The Yuasa Formation has an overall transgressive naωre with sequences of alluvial 
fan-floodbasin sediments passing up through fan-delta plain deposits to mixed distal 
fan-delta plainfbeach and shoreface sequences (Fig. 15). In a smaler scale， however， 
the formation records two m司orprogradational episodes. 
The first episode is represented by progradation of an aluvial fan system. Fan 
lobes advanced southward over the floodbasin sequence (Fig. 15). Influx of abundant 
coarse materials to cause fan progradation is suggestive of continuous up1ift of the source 
area， probably related to basin' margin faulting. The soodbasin initially received se-
diments with the temporary tongue of an a11uvial fan lobe from the east (Fig. 10). In 
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the early stage of deposition of the Yuasa Formation， it is most probable that the highland 
existed also to the east not so far from the basin. With progradation of fan lobes during 
the first episode， sediment flux from the east progressively reduced and was replaced by 
that from the north. This dispersal change is believed primarily due to increasing intensity 
in sediment influx from the north as a result of uplift of the northerly source area. 
Nevertheless complete disappearance of sediment supply from the east even in the floodbasin 
deposits presumably reflects absolute retreat of the easterly source， which is suggestive 
of eastward widening of the basin. 
1 t is noteworthy that marine influences first appear in the Yuasa succession in as-
sociation with basinwide extension of fan lobes in the first progradational episode (Fig. 
15). The depositional setting then evolved into a fan-delta. Sourceward retreat of 
the depositional system did not accompany， but the sea encroached simultaneously with 
progradation of alluvial fan lobes. This is suggestive of greater rate of basin subsidence 
toward the south， which should have caused progressive transgression from the south 
in spite of sediment influx as a result of continued uplift in the northerly source (Fig. 16). 
The differential subsidence of the basin floor is demonstrated by thickening of the strata 
toward the south. A eustatic sea level rise could accomplish the contemporaneous trans蝿
gression with fan progradation. The global sea level charts suggest three major events 
of a sea level rise in Cretaceous time (V AIL et al.， 1977). The earliest of them roughly 
covers Neocomian time in which Yuasa sedimentation occurred. Nevertheless， coinci-
dence of the first appearance of the sea encroachment with the basinwide prograda-
tion of fan lobes and the evidence of differential basin subsidence strongly suggest that 
the local tectonism was probably the major control on this transgression. 
The second progradational episode is represented by growth of a wave-dominated 
fan-delta system. Following the first progradational episode， the Yuasa successions 
show a complex pattern of transgression and regression at a minor scale， but demon-
strate an overall regressive trend. The dominant facies changes upward from shoreface 
through beach to distal fan-delta plain (Fig. 15). Paleocurrents and facies relationships 
indicate progradation to the south， the same direction as of the first episode. Hence， 
predominance of the shoreline (beach and shoreface) and distal farトdeltaplain deposits 
in the second progradational record suggests relatively distal sedimentation compared 
with that of the first episode. The :first episode is thought to have terminated in source-
ward retreat of the fan-delta system. The second episode commenced with deposition 
of the deepest facies within individual sections of the Yuasa Formation abruptly over 
Fig. 16. Schematic illustration of the proposed model for tectonic control on sedimentation of 
the Early Cretaceous Yuasa Formation in the Yuasa-Aridagawa basin. 
(a)The alluvial fan-aoodbasin system developed following basin margin faultiZIg-
(b，c)The alluvial fm prograded to the south over the aoodbasin-Simultaneously， 
difTerentialsubsidence of the basin aoor caused gradual transgression from the south. 
(d)Alluvial fan progradation and marine transgression continued，and the deposi-
tional system evolved into a fan，delta setting.(e)Back-faulting of;he basin margin 
resulted in abrupt sourceward retreat of the depositional system WIth an accompany， 
ing abrupt transgression (indicated by an irregular line). 
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the fan-delta plain deposits of the first episode. This represents sudden and extensive 
transgression prior to the second progradational episode， and indicates that the retreat 
of a depositional system was not gradual as in the case caused by lowering of the source 
area due to denudational erosion but was abrupt to give rise to rapid cessation of sedi-
ment input. Abrupt retreat and following progradation of a depositional system can 
be eXplained by a process of back田faultingof the basin nlargin (Fig，. 16). The relative 
sea level probably continued to rise due to differential subsidence of the basin 
floor. Under such a condition， northward retreat of a fan-delta system due to back-
faulting of the basin rnargin l}esulted in rapid reduction of sediment influx and should 
have allowed rapid and widespread encroachment of the sea. After back四faultingof 
the basin margin， the source area continued to uplift， maintaining sufficient relief to 
supply abundant sediments， and the fan-delta system again prograded to the south. 
A fault responsible for the process of back-faulting of the basin margin cannot be 
definitely pointed out. Some of the faults within the strata of the northern terrane (cf. 
Fig. 2) may be so. These faults are p¥rimarily the product of iatensive tectonism prior 
to Cretaceous sedimentation (MAEJlMA， 1978， 1981). However， itis likely that some 
of them reactivated as a basin margin fault in Cretaceous time. 
Conclusions 
TheYuasa圃Aridagawabぉinin the western Kii Peninsula is one of the Cretaceous basins 
developed along the Kurosegawa Tectonic Zone in the Chichibu Belt of Southwest Japan. 
The Early Cretaceous Yuasa Formation forms the Iowest sequence in the bぉin臼1and 
unconformably overlies the intensely deformed pre-Cretaceous rocks. The formation 
thus represent deposition in the initial stage of basin development. During deposition 
of the Yuasa Formation， sediments were introduced into the basin chiefly from the north. 
The formation yields abundant coarse ，clasticsy reftecting proximity of deposition to the 
tectonicaI1y active source area in the north of the basin. 
The YuぉaFormation shows an overaI1 transgressive stratigraphy， which was pri-
marily due to difFerential subsidence of the basin floor and subordinately due to global 
sea level rise during Neocomian time. At the time of deposition of the formation， the 
coast was characterized by high wave energy. Encroachment of such a high wave energy 
sea largely influenced on sedimentary evolution of the basin fil， and the depositional 
setting evolved from an alluvial fan-floodbasin into a wave-dominated fan-delta (Fig. 15). 
The conglomeratic alluvial fan lobe deposits separated by interlobe fines interfinger 
with and extend southward over the succession of floodbasin deposits consisting of inter-
bedded sandstone and mudstone. Simultaneously with alluvial fan progradation， tne 
sea gradual1y transgressed from the south. Thus the depositional setting evolved into 
a kind of fan-delta. The conglomeratic fan lobe， representing deposition in a proximal 
or active part of a fan-delta plain， built in the distal fan-delta plain， inwhich biotur-
bated， mudstone-dominated rocks of interdistributary bSlY and marsh origin and dis-
tributary channel sandstones were deposited. 
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The depositional system then rapidly retreated as a result of back-faulting of the 
basin margin， and the sea suddenly transgressed over a fan-delta plain. Continued 
uplift and erosion inl the source area allowed to maintain su伍cientrelief to supply abun-
dant sediments， and the fan四deltasystem again grew southward. As the coast was char-
acterized by high wave energy， most of sediments introduced into the delta front through 
distributary channels were completely redistributed by wave activity into gravelly beach 
and shoreface deposits. The distributary-mouth bar deposits， thus， are less well pre・
served. Consequently outbuilding of a fan-delta lobe produced a coarsening圃upward，
progradational shoreline sequence overlain by the delta plain deposits. 
The sedimentary and tectonic evolution of the basin of the Yuasa Forlnation is 
quite di:ferent from that of the J urassic one on the northern side of the Kurosegawa 
Tectonic Zone. There， the thrust pile of the sedimentary complex was formed during 
Early to Middle Jurassic time (MAEJIMA， 1981). Following construction of the thrust 
pile， the crystalline schists thrusted up over the intensely deformed sedimentary complex 
(MAEJIMA， 1978). These processes are considered as construction of a kind of con帽
vergence complex formed through the closure of a sea between the Kurosegawa and 
Paleo・Ryoketerranes (ICHIKAWA， 1981; ICHIKAWA et al.， 1981). Development of the 
Cretaceous Yuasa圃Aridagawabasin represents an entirely new tectonic stage in the 
Chichibu Belt following “the Jurassic tectogenesis". 
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